Nile monitor lizards (Varanus niloticus) and Burmese pythons (Python molurus bivittatus) are large, invasive, predatory reptiles, which are now well established in south Florida. Acetaminophen was recently shown to be lethal to both animals and therefore has potential for inclusion in an integrated pest management effort to control these species. However, acceptable bait matrices for both species are still needed to deliver the toxicant. We tested nine candidate bait matrices on juvenile Nile monitor lizards and Burmese pythons in the laboratory. Baits were tested fresh and also after aging at 308C and 50% relative humidity for 24 h. Six of the nine baits were well accepted by the monitors in both fresh and aged conditions (dead neonatal mouse, dead quail chick, ground turkey, chicken liver, tilapia, and zebra finch egg). Only the fresh dead neonatal mouse and fresh dead quail chick were well accepted by the pythons. As far as we are aware, these tests are the second of such bait matrix preference tests conducted for reptiles. The implications of our results are discussed regarding further development and testing of baits in a natural setting.
Introduction
A large number of exotic reptilian species have successfully established invasive populations in Florida (Meshaka et al. 2004; Meshaka 2006) . In fact, the number of non-native (exotic) lizard species breeding in Florida now exceeds the number of native speciesby more than threefold in south Florida (Hardin 2007) . Prominent among the many invasive reptile species is the Nile monitor (Varanus niloticus [L.]) and the Burmese python (Python molurus bivittatus Kuhl). Both species are large; the Nile monitors may attain lengths of 2.3 m (Enge et al. 2004) and Burmese pythons may reach 7 m (Minton and Minton 1973) .
Since first being recorded in 1990, the Nile monitor has become firmly established in the Cape Coral area of Lee County (Enge et al. 2004) . It now also appears to have become established in the Homestead Air Reserve Base area, has been observed in at least five other counties, and may well be established elsewhere in Florida (Florida Fish and Wildlife Conservation Commission 2011; USDA/Wildlife Services, unpublished data). In the USA, Nile monitors have been commonly sold in the pet trade (Bayless 1991; Faust 2001) , although the size and behavioral disposition of the adults makes them ill-suited as pets (Bennett 1995) . Its range around Cape Coral has been expanding into neighboring wildlands, including nearby Pine Island and Sanibel Island where it would be a threat to endangered sea turtles and shore birds (Enge et al. 2004; Campbell 2005) .
The Nile monitor can rapidly outgrow many, if not most, of its potential predators (Meshaka 2006) . This large-bodied carnivore feeds on insects, arachnids, molluscs, fish, amphibians, reptiles, birds, mammals, and carrion (Bennett 2002; Lenz 2004) . It is capable of eating a wide variety of vertebrate prey, and has the potential to adversely affect a number of threatened and endangered species in the process (Meshaka 2006) . For example, the burrowing owl (Athene cunicularia), a Florida Species of Concern, has already been observed as a prey item (Hardin 2007) . The Nile monitor is also a prolific species, capable of reaching high population densities (Western 1974) .
The Burmese python is a large invasive constrictor snake that is well established in southernmost Florida (Meshaka et al. 2000 (Meshaka et al. , 2004 Snow et al. 2007b) . As with the Nile monitor, the species' invasion pathway in south Florida has been largely attributed to (illegal) pet releases, although the highly destructive Hurricane Andrew in 1992 may have released many from captive breeding and holding facilities (Snow et al. 2007b; Bilger 2009 ). The Burmese python is a generalist carnivore, consuming primarily mammals and birds, but also reptiles, amphibians, and fishes (Snow et al. 2007b) . Ecological impacts of Burmese pythons in south Florida continue to be identified, with documented predation on many native species, including endangered species (Greene et al. 2007; Snow et al. 2007a) . Placing their depredations in economic contexts has revealed economic benefits for addressing the problem (Smith et al. 2007 ).
Some accumulation of information for the management of both species has begun (e.g. Campbell 2005; Mauldin and Savarie 2010) . Building on the successful development of acetaminophen as a toxicant for brown tree snakes (Savarie et al. 2001) , laboratory trials showed acetaminophen to also be effective for juvenile Nile monitors and Burmese pythons (Mauldin and Savarie 2010) .
Development of control tools and strategies for Burmese pythons is in its infancy and will likely follow similar conceptual approaches that have been successful against invasive brown tree snakes (Boiga irregularis) on Guam (Engeman and Vice 2001) . Research has been implemented by multiple agencies and universities into technologies and strategies for controlling Burmese pythons, including capture mechanisms, detection methods, reproductive vulnerabilities, chemical cues, and toxicants (Snow et al. 2007b; Engeman et al. 2009; Mauldin and Savarie 2010) .
There are no established, systematic operational techniques available for controlling either species. Development of a number of tools and strategies will be required for the practical implementation of an effective integrated pest management effort, as was done on Guam, where toxicants have a role in controlling brown tree snakes (Engeman and Vice 2001) . Similarly, toxicants could possibly play a role in controlling Nile monitor lizards and Burmese pythons. Dead neonatal mouse (DNM) baits treated with acetaminophen are effective for reducing brown tree snake populations under field conditions on Guam (Savarie et al. 2001) . More recently, acetaminophentreated DNMs were found to be lethal to juvenile Nile monitor lizards and Burmese pythons under laboratory conditions (Mauldin and Savarie 2010) . However, application of an acetaminophen-treated bait in the field requires identification of baits that are most highly preferred for each species. In the present study, nine commercially available candidate baits, including the DNM, were evaluated for acceptance (consumption) under laboratory conditions. Results of the present bait evaluations may identify multiple bait matrices having desirable characteristics for operational baiting of the Nile monitors and Burmese pythons, and may also help identify attractant baits for use as lures in traps.
Methods
Testing was conducted at the USDA/National Wildlife Research Center (NWRC), Fort Collins, Colorado, in the Invasive Species Research Building, a state-of-theart facility designed for research on such species. All research protocols were approved by the NWRC Institutional Animal Care and Use Committee.
The 8 Nile monitor lizards and 4 Burmese pythons (two males, two females) used in this study were acquired as juveniles in July 2007 from a commercial vendor (Ballroom Pythons South, Haines City, Florida). The Nile monitors had been caught in the wild, whereas the Burmese pythons were imported neonates which had been hatched in captivity. Sex was not determined in the Nile monitors because juveniles cannot be sexed by probe or visual inspection (T. Campbell, DVM, Colorado State University, pers. comm.). The pythons were sexed by probing the hemipenes. Bait acceptance tests were conducted from April to October 2008.
Nile monitor lizards were housed individually, each in a 57 capacity aquarium (60 cm long 6 30 cm wide630 cm deep) with sheet paper bedding, a hide shelter from a PVC tube cut lengthwise, and a secured wire-mesh top. Additional heat was provided by a 15-W heat lamp positioned above one end of the aquarium. Monitors were maintained one per room in an area physically separated from the pythons. The pythons were housed individually in one room in ventilated polycarbonate storage boxes (66 cm long 6 46 cm wide 6 17 cm deep) with sheet paper bedding, a PVC tube refugium, and a secured lid. Additional heat was supplied by a 30-W mylar substrate heater in each cage.
Water was provided ad libitum for each animal, and rooms for both species were maintained at about 308C and 55% relative humidity with a 12 h light/12 h dark photoperiod (lights on at 0600 h, lights off at 1800 h). Monitors were fed a DNM three times a week (the diet of one of the monitors was also supplemented with crickets, mealworms, or goldfish to promote feeding). Pythons were fed a DNM twice a week.
Nine non-toxic commercially available baits were tested: (1) DNM, (2) one-day-old dead coturnix quail (Coturnix coturnix) chicks, (3) coturnix quail eggs, (4) squid, (5) ground turkey, (6) chicken liver, (7) tilapia, (8) a dog snack (Pup-Peroni 1 , Del Monte Pet Products, Pittsburgh, PA, USA; called ''beef dog snack'' for this study), and (9) Zebra finch (Taeniopygia guttata) eggs. Except for the egg and beef dog snack baits, all baits were maintained frozen (about 7228C), and thawed on the day that they were offered to the animals. Quail and zebra finch egg baits were refrigerated (about 28C) and beef dog snack baits were stored at ambient laboratory room temperature (about 218C). Baits maintained under these conditions were termed ''fresh'' baits. Except for quail and zebra finch eggs, all baits approximated the size and shape of DNMs.
The 9 fresh baits were administered as 1-choice tests. Except for zebra finch eggs, each week, one each of the other 8 test baits was randomly assigned without replacement (www.randomizer.org/about.htm) to each of 8 individually caged Nile Monitor lizards and to each of 4 individually caged Burmese pythons. Thus, each bait-type was randomly presented once per animal per week for 8 weeks. Zebra finch eggs were not randomized, but offered singly to the lizards and pythons after each of the 8 randomized baits were tested. After a 48-h fast, baits were offered at about 0800 hours. Bait consumption was recorded at 2, 4, 6, 8, and 24 h after presentation. Baits not consumed within 24 h were removed. Thus, for each bait test on each animal, observations were available on whether the bait was taken and the time interval in which it was taken.
Because DNM baits for brown tree snakes on Guam were shown to be attractive to snakes after aging for a day (Jojola-Elverum et al. 2001) we repeated the same tests using baits that had been aged for a day. Testing procedures were identical to those described above for the 1-choice tests with fresh baits, except all baits were first placed individually in an open glass jar at 308C and 50% relative humidity (to simulate natural decomposition) for 24 h prior to being offered to the animals.
After testing was completed, all animals were euthanized with carbon dioxide and body mass (g) and snout-vent length (SVL, mm) recorded. At this time, the eight monitors ranged from114.6 to 309. For those baits where both fresh and aged were well accepted (both 450% acceptance), a Wilcoxon signed rank test was applied to see if one form was more rapidly accepted than the other.
Results
Acceptance rates of fresh and aged baits for Nile Monitor lizards and Burmese pythons are given in Table 1 . The array of baits accepted by Nile monitor lizards was much broader than that accepted by Burmese pythons. Nile monitors accepted all bait types at least once (either as fresh, aged, or both). Six of the nine bait types had acceptance rates that ranged from 63% to 88% (DNM, dead quail chick, ground turkey, chicken liver, tilapia, and zebra finch egg). Acceptance rates for three of these baits (DNM, ground turkey, and tilapia) ranged from 75% to 88%. Of the six bait matrices that were well accepted by Nile monitors both as fresh and aged, only DNM showed a detectable difference in how rapidly the baits were consumed (P ¼ 0.062). Median times to consumption of fresh and aged DNM baits were 52 h and 48 h, respectively.
The only two baits accepted by the Burmese pythons were the whole natural animal baits, namely DNM and dead quail chick. Both were well accepted as fresh baits (75%), but only quail chicks were consumed as aged baits (50%). Pythons did not consume any of the other seven bait matrices.
Discussion
The most common bait preference studies concern the development of rodenticides that are used worldwide (Miller 1974; Rowe et al. 1974 ; Buckle and Kaukeinen 1988; Marsh 1988; Suliman et al. 1984; Witmer et al. 1995 Witmer et al. , 2008 . With the exception of the brown tree snake, which caused the extirpation of most of Guam's native forest avifauna (Savidge 1987) , few other species of invasive reptile have proven deleterious enough to warrant development of baits. The feeding ecology of V. niloticus (Bennett 2002 ) and feeding behavior of captive Varanus spp. has been studied (Loop 1974; Brown et al. 2003; Firth et al. 2003) , but the present study is only the second one of which we are aware that has evaluated baits for delivery of potential control agents to reptiles. The first such study was successful in developing DNM as a bait for brown tree snakes (Savarie and Clark 2006) , and field application of acetaminophen-treated DNM for snake control (Savarie et al. 2001) .
That the Nile monitors readily accepted a variety of bait matrices, both fresh and aged, is not surprising since they are known to consume a varied carnivorous diet in nature (e.g. Enge et al. 2004; Campbell 2005; Meshaka 2006 ). However, Burmese pythons are also generalist carnivores, but did not accept the variety of baits that the monitors accepted, especially when aged. Besides the obvious inherent differences among different taxonomies, another contributing factor might be the comparative life histories of these particular animals. As previously stated, the pythons originated as neonates hatched in captivity, and the only prey items they had known were DNMs. The monitors, however, were caught in the wild and presumably had experience of foraging for diverse prey. This prior An unanticipated result for the Nile monitors was that tilapia was well accepted, but squid was not. This is contrary to the findings of Campbell (2005) who found squid to be by far the best bait (lure) for trapping, with only minor attraction produced by mullet, chicken meat, and chicken eggs. There could be a variety of explanations for this, including that Campbell (2005) was using baits to lure Nile monitors into a trap, whereas our objective was to induce consumption. Also, Campbell (2005) was addressing a spectrum of size and age classes of wild Nile monitors, whereas our lizards were 1-1.5-year-olds that were caught in the wild but reared in captivity. In accordance with our findings, USDA/Wildlife Services operational personnel at Homestead Air Reserve Base, who occasionally trap and shoot Nile monitors to prevent potential airstrike hazards due to their basking on runways (see Engeman et al. 2005 on large invasive lizards as airstrike hazards), also found squid to be relatively ineffective, but have had success with chicken meat (W. Shockley, T. Hairston, personal communication; unreferenced). When the Cape Coral Environmental Resource Department attempts to trap Nile Monitors, chicken meat (backs) is used to bait the traps (H. Phillips, personal communication; unreferenced). The Homestead and Cape Coral populations are on opposite sides of the Florida peninsula in different habitats, with the Cape Coral lizards in a more urban setting. Also, no genetic testing has been done to determine relatedness of the two populations, so it is possible that preferences could be origin dependent.
Nile monitors are also known to eat eggs in the wild (Branch 1998; Enge et al. 2004 ), but Campbell (2005) found that chicken eggs were not a good lure for trapping. We had mixed results in that zebra finch eggs were reasonably well accepted, but quail eggs were not. Zebra finch eggs are about half the diameter of quail eggs and may have been consumed more readily simply because their smaller size made them more easily manipulated for eating. Eggs in nests of wild birds would be associated with a greater array of scents, including those of the monitor's potential prey, possibly producing a greater attraction. One lesson from the present study is that there is value in having multiple bait matrices available based on lab and field tests, with the bait(s) most suitable for a particular application being determined before commencing operational control.
The Burmese pythons clearly preferred natural prey items and seemed more selective than brown tree snakes in similar bait testing trials (Savarie and Clark 2006) . The implications are that baits for wild Burmese pythons in Florida would be better based on whole animal baits. Aging decreased the acceptance of the two bait matrix types accepted by Burmese pythons, contrary to field study observations on brown tree snakes where acceptance of aged DNM was higher than fresh DNM (Jojola-Elverum et al. 2001) . However, snakes under field conditions may not necessarily prefer aged DNM; more likely, they are better able to locate aged DNM because of their increased odor plume. However, pythons in the wild might display a very different acceptance of carrion than do captive animals, and this potential should be further investigated. Such work would also provide information on the length of time baits would remain attractive to pythons in the field.
There are four processes involved in developing useful toxic baits for field application: (1) identification of bait matrices accepted by the target animal; (2) identification of a toxicant effective towards the target animal; (3) identification of delivery mechanisms and strategies that effectively present the bait to the target animal while excluding non-target species; and (4) in the United States, registration with the Environmental Protection Agency. This paper focuses on identification of bait matrices accepted by Nile monitors and Burmese pythons, while Mauldin and Savarie (2010) addressed the identification of a toxicant for both species. Thus, finding a compound that is toxic to Nile monitors and Burmese pythons and an acceptable bait matrix (or matrices) are only the first two steps in developing a practical, effective, and legal baiting strategy. The critical third step is to develop a mechanism and placement strategy that would deliver the bait specifically to the target species and prevent take by native, non-target species.
While our paper addresses acceptance tests of bait matrices, we can look ahead towards some considerations for developing delivery mechanisms. In Florida there are many species that would have to be prevented from accessing or consuming toxic baits. These would include various species of concern such as the Eastern Indigo snake (Drymarchon corais couperi Schmidt), as well as common species of many taxa. Assuming acetaminophen is the selected toxicant, little is known about its toxicity to most species, and it has not been consistently toxic among the four reptile species upon which it has been tested. As indicated, it is toxic to brown tree snakes (Savarie et al. 2001 ) and Mauldin and Savarie (2010) showed it to be toxic to Nile monitors and Burmese pythons, but in recent lab trials it was found inadequately toxic towards black spinytailed iguanas (Ctenosaura similis [Gray]) to consider for control purposes (Avery et al. 2011) . Nevertheless, bait delivery development for Nile monitors and Burmese pythons would have to focus on excluding non-target species. Besides toxicity, there are other non-target species considerations that could affect successful bait usage. For example, raccoons (Procyon lotor) would be among the non-target species most likely to consume the baits identified in the present study. They are ubiquitous in Florida, often at high densities (Smith and Engeman 2002) , and if not prevented from accessing baits could cause sufficient bait loss as to render a baiting program inefficient or ineffective. The importance and approaches for using delivery methods that avoid non-target species have been discussed extensively in Mauldin and Savarie (2010) .
All of the bait matrices we tested are commercially available, a condition essential for a practical operational baiting program. Using these results as a foundation, trials are now warranted to evaluate consumption of candidate bait matrices by both Nile monitors and Burmese pythons under field conditions.
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